Abstract The conceptual SACRAMENTO soil moisture accounting model and the physically based forest hydrological BROOK model have been used in runoff simulations for small and medium sized basins with the aim of investigating the contributions of different runoff components to the overall runoff. The simulations seem to confirm the results of previous experiments with environmental tracers in which prevailing contributions of groundwater have been reported. Les composantes de l'écoulement simulées par des modèles pluie-débit Résumé Le modèle conceptuel SACRAMENTO prenant en compte l'humidité du sol et le modèle hydrologique forestier BROOK à base physique ont été utilisés pour la simulation de l'écoulement dans des bassins de surface petite ou moyenne afin d'étudier les contributions respectives de diverses composantes à l'écoulement total. Les simulations tendent à confirmer les résultats d'expériences antérieures utilisant des traceurs naturels, qui faisaient état de la prédominance d'eaux d'origine souterraine.
INTRODUCTION
The catchment simulations reported herein form part of research activities which aim at investigating the variations in flow components using both experiments with isotope tracer techniques (Herrmann et at., 1989) and the tools discussed here, viz. rainfall-runoff models such as the simple (distributed) BROOK hydrological catchment model and the more conceptual SACRAMENTO model (Buchtele, 1993) . Previous investigations indicate that both approaches independently provide comparable results (Herrmann et al., 1989; Kônig et al., 1994; Schwarzeera/., 1994) .
The research described here tries to analyse further selected aspects of rainfall-runoff processes as, for instance, the importance of snow deposits and the year-round cycling of some phenomena such as soil moisture deficits. The simulation results presented should be considered as quite preliminary because
Open for discussion until I August 1996 they are at an initial stage. Furthermore, this type of modelling technique is still developing and it is therefore possible to obtain diverse opinions from hydrologists about the functioning of such model tools which try to follow the interactions of soil, vegetation and atmosphere in water transfer (SVAT models) and physically based distributed models. A good example to make the problem clear is given by the well-known TOPMODEL in which groundwater flow has not been felt to be an important component (Binley et al., 1989) , whereas Troch et al. (1993) deal with this problem of baseflow evaluation rather extensively.
The following discussion of simulation results for runoff components contributing to total runoff from selected Central European catchments of different size and land use should be considered as a small step towards a better understanding of what simple catchment runoff models allow one to assess.
MODELS AND STUDY BASINS
Because of the variable contributions of different runoff components, reliable results can only be expected for sufficiently long data series which allow identification of appropriate hydrological parameters. This is above all true for slowly varying groundwater storages. Therefore, long term data for the whole Czech Elbe River basin are being used (as well as those from small homogeneous basins) in spite of the extremely heterogeneous physical geographical conditions such as geology, geomorphology, soils etc., including the land use pattern. As an appropriate tool for these investigations deterministic rainfall-runoff simulations have been considered. So far the following models have been used:
SACRAMENTO soil moisture accounting model (SAC-SMA) (Burnash etal, 1973) ; and (b) the BROOK model (Fédérer & Lash, 1978; Fédérer, 1993) .
These two models seem to provide an adequate approach for the following reasons:
Comparison of results from different models allows one to ascertain the reliabilities of the results obtained, using identical or at least comparable inputs and parameters. (ii) Testing of diverse modelling techniques could provide complementary results, i.e. for flow simulations of large basins it is probably appropriate to use the SAC-SMA water balance model, while the physically structured BROOK model provides more adequate analyses on a small basin scale, but also considering higher requirements for input data.
It should be noted that the BROOK90 Version 2.1Q (Fédérer, 1993) was applied which uses the hydraulic concept for simulation of soil moisture (Clapp & Hornberger, 1978) , while the structure of the SAC-SMA model assumes only a variation of the water content in some zones ('reservoirs') of the model, i.e. a hydrological concept. Both the SAC-SMA and BROOK models were applied to the two small study basins Liz and Lange Bramke. Further, an earlier version of the BROOK model (Fédérer & Lash, 1978) had been successfully applied to the Lange Bramke basin by Finke (1988) . In the case of the medium and large-sized basins only the SAC-SMA model was used.
IMPLEMENTATION OF MODELS
Daily time series were used for all simulations. Such detailed evaluation can provide a more precise consideration of the seasonal variation of water storages in a basin in contrast to monthly water balances which are sometimes used for these purposes.
The following problems and peculiarities are to be noted in the given context of model calibration:
Snow deposits and snowmelt produce a substantial part of water storages and flow releases in the whole year-round cycle of all the basins investigated. Therefore they needed to be precisely evaluated. Similar (but not identical) algorithms were used for the simulations in both models in which the 'snowmelt factor' played a decisive role (Anderson, 1968) (in fact, a parameter similar to the well-known 'degree-day' factor). Since the experiments with the SAC-SMA model were carried out earlier than those with the BROOK model, they provided the estimates for several parameters of the latter model. Generally the following phenomena needed much attention, and were a common problem in the implementation of both models: (i) Snowmelt factor: seasonal variability of this parameter and effects of different proportions of land surface coverage by forests, open areas, etc. are most important for accuracy of simulations.
(ii) Representativeness of air-temperature time series available: desirable correction ascertained by several simulations to compensate for the bias in observations which causes systematic deviations of simulated and observed discharges. (iii) Vertical gradients of air temperature and/or orographic effects:
this is again a site-specific phenomenon which needs some iterations for ascertaining optimal corrections of common values. (b) Evapotranspiration is approximated rather differently in the two models:
(i)
The SAC-SMA model uses the concept of 'évapotranspiration demand' represented by long term monthly amounts of water that are needed for satisfying the requirements of existing vegetation cover under optimal soil moisture conditions. The reduced rate, i.e. actual évapotranspiration, is computed proportionally to soil moisture deficits. (ii) The BROOK model distinguishes between interception and transpiration losses and computes actual évapotranspiration using the Penman-Monteith formula by considering variabilities of LAI (Leaf Area Index) and SAI (Stomata Area Index) during the annual cycle. Both approaches for évapotranspiration estimation need some iterations during calibration to achieve a balance between observed precipitation and simulated runoff. (c)
For groundwater storage and soil moisture not quite similar concepts are used in both models. For characterizing groundwater storage the concept of linear reservoirs and corresponding recession coefficients serves as a tool for simulations of baseflow in both cases. However, for the evaluation of soil moisture the SAC-SMA model again uses the same concept as for groundwater while in the BROOK model the computations are applied using the relationships of Clapp & Hornberger (1978) Table 1 and description of models).
which groundwater outflow varies, and that it contributes to the overall runoff under similar conditions much more than is usually assumed.
Concerning the complementarity of both kinds of simulations, the following facts are considered to support this assumption: -similarity of inputs (snow models) -diverse treatments of évapotranspiration and soil moisture, while groundwater storages are computed using similar approaches. Table 1 ).
SIMULATION RESULTS
Reliable evaluation of long term baseflow components requires long duration observations for ascertaining possible trends and variabilities. Therefore, the series should probably be much longer than those used in this study. In this context, the following findings should be mentioned:
1.
Groundwater represents the more substantial part of runoff in both model outputs whereas surface runoff occurs quite rarely (Figs 2 to 5; Tables 1  and 2 ). The results compiled in both Tables are not strictly comparable because of different models and basins. However, it can be concluded that even in the basin containing crystalline rock (Blanice basin) the baseflow component represents more than 50% of the total runoff. These findings are in good agreement with the isotope results obtained by Herrmann et al. (1989) in the Harz Mountains, and in many other parts of the world as summarized in Herrmann (1993) . The graphs in Fig. 2 indicate smaller seasonal (supplementary) baseflow found for the Blanice basin with crystalline rocks as compared to the Table 2 ).
Metuje River basin situated in sedimentary rock where a higher interflow proportion is probably a forest effect, thus partially compensating minor baseflow contributions. Asynchronous water deficits of tension and free soil moisture and groundwater storage are shown in Fig. 6 . A comparable situation is also found for the proportions of seasonal (supplementary) baseflow and long term baseflow as simulated with the SAC-SMA model, and shown in Figs 2 to 4. This illustrates the existence of asynchronous hydrological and agricultural droughts, and quantitative evaluations are possible, e.g. by computation of conditional probabilities. For given climatic conditions the winter precipitation is a decisive runoff source for the whole year-round cycle. Figure 5 illustrates the almost negligible contribution of summer precipitation to groundwater recharge. The contrast of both alternatives -an assumed rainless summer period for a first case and a rainless winter period for a second case -is very apparent. This is a well known situation; however, similar experiments of this kind in different basins could provide appropriate information for quantitative evaluation and regionalization of such phenomena as groundwater outflows, 4.
The tested models could be an appropriate tool for ascertaining changes in water resources due to climatic warming. scenarios and appertaining water volumes available as streamflow, groundwater storage and soil moisture, as can be seen in Fig. 7 .
Simulations with the BROOK model also provide amounts of évapotrans-piration, Figure 8 illustrates the proportions of transpiration and evaporation of intercepted water for the small forested Liz basin where transpiration loss prevails by far. 
CONCLUSIONS
Simulation results of both the SAC-SMA and BROOK models confirm decisive contributions of groundwater systems to overall runoff as found from isotope findings. Nearly negligible quantitative contributions of summer precipitation to groundwater recharge appear as a common situation in these simulations, whereas winter precipitation is the dominant source of runoff in the whole year-round cycle under the given climatic conditions. The first finding fits quite well the results from isotope investigations in the Lange Bramke basin, whereas groundwater recharge is obviously a permanent process in this catchment throughout the whole year (Herrmann et al., 1989) . Furthermore, both models can contribute to regionalizing major components of the water cycle and especially of runoff for the same time but different spatial scales, i.e. the physically based and process oriented BROOK model for small scales of up to 10-30 km 2 , and the more conceptual SAC-SMA model even for large river systems in the order of ltf-lO 4 km 2 . Finally, such models as the BROOK at least permit some encouraging perspectives for applications with respect to catchment hydrological response to warming up of the atmosphere and for considering coupled land use change effects.
